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𝑗𝑗𝑗𝑗 = 𝒂𝒂𝒂𝒂𝒙𝒙𝒙𝒙𝑥𝑥𝑥𝑥 + 𝒂𝒂𝒂𝒂𝒚𝒚𝒚𝒚𝑦𝑦𝑦𝑦 + 𝒂𝒂𝒂𝒂𝒛𝒛𝒛𝒛𝑧𝑧𝑧𝑧                   (2) 




𝑬𝑬𝑬𝑬�𝒔𝒔𝒔𝒔 = 𝒂𝒂𝒂𝒂𝒙𝒙𝒙𝒙𝐸𝐸𝐸𝐸�𝑥𝑥𝑥𝑥(𝑘𝑘𝑘𝑘𝑥𝑥𝑥𝑥, 𝑘𝑘𝑘𝑘𝑦𝑦𝑦𝑦) + 𝒂𝒂𝒂𝒂𝒚𝒚𝒚𝒚𝐸𝐸𝐸𝐸�𝑦𝑦𝑦𝑦(𝑘𝑘𝑘𝑘𝑥𝑥𝑥𝑥, 𝑘𝑘𝑘𝑘𝑦𝑦𝑦𝑦) + 𝒂𝒂𝒂𝒂𝒛𝒛𝒛𝒛𝐸𝐸𝐸𝐸�𝑧𝑧𝑧𝑧(𝑘𝑘𝑘𝑘𝑥𝑥𝑥𝑥 , 𝑘𝑘𝑘𝑘𝑦𝑦𝑦𝑦) 
                    (4)  
により示される．ここで，スペクトル領域における
各電界成分は表面電界成分から 
𝐸𝐸𝐸𝐸𝚤𝚤𝚤𝚤� (𝑘𝑘𝑘𝑘𝑥𝑥𝑥𝑥 , 𝑘𝑘𝑘𝑘𝑦𝑦𝑦𝑦) = � 𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖(𝑥𝑥𝑥𝑥′,𝑦𝑦𝑦𝑦′, 𝑧𝑧𝑧𝑧𝑠𝑠𝑠𝑠)𝑒𝑒𝑒𝑒𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥′𝑥𝑗𝑗𝑗𝑗𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦′𝑦𝑑𝑑𝑑𝑑𝑥𝑥𝑥𝑥′𝑑𝑑𝑑𝑑𝑦𝑦𝑦𝑦′∞
−∞
 
                                        (5) 




𝑠𝑠𝑠𝑠𝑗𝑘𝑘𝑘𝑘𝑦𝑦𝑦𝑦 , 𝑧𝑧𝑧𝑧𝑠𝑠𝑠𝑠𝑦=∫ 𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖(𝑥𝑥𝑥𝑥′,𝑦𝑦𝑦𝑦′, 𝑧𝑧𝑧𝑧𝑠𝑠𝑠𝑠)𝑒𝑒𝑒𝑒𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦′𝑑𝑑𝑑𝑑𝑦𝑦𝑦𝑦′∞−∞          (6) 
は SDA法を用いて導出できる（Itoh, 1989）．この
電界成分の大きさは電流の大きさに比例する．ま








ことができる．ここで，𝑧𝑧𝑧𝑧𝑠𝑠𝑠𝑠 = ℎの場合には，プリン 
図２ プリント回路表面の電界成分 
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ト回路の上面の電界を使うことにより，回路の上側











さ 1.6mm のプリント基板(基板材料 FR4，比誘電率
4.3)の中央に長さ 60mm，幅 3mmのマイクロストリ
ップ線路を配置し，線路直下のグラウンドに長さ
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A Study Estimating Undesired Emissions  
From a Printed Circuit Board Using a Surface Electric Field
Teruo Tobana1 
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Recently, printed circuit boards with multi-layers are being used more frequently since advanced technology requires high-density electronic 
circuits. Therefore, a number of vias to connect each layer are used and slots are installed on a ground. The existence of slots is an issue for circuit 
designs because it is possible to increase undesired emissions. In previous research studies, an analysis of line characteristics with slots was
calculated using the finite difference time domain (FDTD) method. However, the FDTD method requires a lot of computation time and memory.
Therefore, we focused on the transmission line (TL) method to calculate lines at high speed. In this paper, undesired emissions were measured 
and analyzed using the TL method and Spectral Domain Approach, when the slot is placed just below the microstrip line on the PCB. The results 
of the TL method were compared to the values measured using the FDTD method. According to these results, the maximum radiation direction
tendency was almost the same but the slot direction result was significantly different.
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